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(54) A structural body and method of its manufacture 



(57) Two joined hollow frame members have face 
plates 11,12,21,22 connected in a truss manner by ribs 
13A,13B,23A,23B. An end portion of one face plate 
11,21 is positioned at the vicinity of an apex of the truss 
structure. An end portion 1 2b, 22b of the other face plate 
projects further. The end portions 1 2b,22b are joined by 



friction stir joining from above. A connection member 30 
is arranged between the upper face plates 11,21 and 
joined from above by friction stir joining. A load applied 
in the friction stir joining time is received by the ribs 1 3A, 
13B,23A.23B. A lightweight structure and high rigidity 
performance can be obtained. 



FIG. 2 
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Description 

Background of the Invention 

Technical Field 

[0001] The present Invention relates to a structural 
body and a method of manufacturing a structure body. 
For example, the present invention is applicable to 
structural bodies made of aluminum alloy extruded 
frame members which are used In a railway vehicle, a 
building structure, etc. 

Prior Art 

[0002] Friction stir joining is a method in which by ro- 
tating a round rod (called a "rotary tool") inserted into 
the joint zone and moving the rotary tool along the join- 
ing line of for example extruded frame members, the 
joining material is heated, softened and plastically fluid- 
ized so that solid-state joining occurs. 
[0003] The rotary tool is comprised of a small diame- 
ter portion which is inserted Into the joining material and 
a coaxial large diameter portion adjacent the small di- 
ameter portion. The boundary or shoulder between the 
portions of the rotary tool is inserted a little into the join- 
ing material. This technique is disclosed, for example, 
in EP-A-0797043, which In Fig. 9 shows joining of two 
faces of hollow extruded frame members carried out 
from one of the two faces. Further, a coupling member 
for preventing deformation of the hollow extruded frame 
members is shown. 

[0004] A point of difference between friction stir join- 
ing and arc welding is that in friction stir joining on inser- 
tion of the rotary tool a large load is applied. This load 
acts mainly in the insertion direction (axial direction) of 
the rotary tool. When hollow extruded frame members 
are joined by friction stir joining, this insertion force acts 
against a rib which connects two parallel face plates, 
and there is a risk that the hollow extruded frame mem- 
ber is deformed. For these reasons, it is necessary to 
form a structure in which the deformation of the coupling 
member portion can be prevented. For this purpose in 
EP-A-0797043 at a joining portion of the two hollow ex- 
truded frame members a vertical plate (called a "length- 
wise rib") joining two face plates of the hollow extruded 
frame member is provided. This lengthwise rib is posi- 
tioned at an extension line of the axis of the rotary tool. 
The lengthwise rib is connected to two face plates of the 
hollow extruded frame member. Since a large load acts 
on this rib, it is necessary to make its plate thickness 
large. For this reason, there is a limitation on obtaining 
a light weight coupling member. 
[0005] Further, this lengthwise rib of the hollow ex- 
truded frame member will be studied from another as- 
pect. When an outside bending force acts on the hollow 
extruded frame member, it is known that a portion dom- 
inant for rigidity performance is the rib. To improve the 



rigidity performance, it is desirable to arrange the rib to 
be consistent with a forty five degree angle direction rel- 
ative to the face plate, which is a main stress force per- 
pendicular to a shearing force. However, the lengthwise 
5 rib being perpendicular to two sheet face plates hardly 
contributes as a strengthening member. 

Summary of the Invention 

10 [0006] An object of the present invention is to provide 
a structural body having a light weight structure and a 
high rigidity performance and a method of manufactur- 
ing such a structural body. 

[0007] The invention in Its various aspects is set out 
15 in the claims. 

Brief Description of the Drawings 

[0008] 

20 

Fig. 1 1s a longitudinal cross-sectional view showing 
a joining portion of one embodiment of a structural 
body of the present invention; 
Fig. 2 is a longitudinal cross-sectional view showing 
25 more of the joining portion of Fig, 1 ; 

Fig. 3 is a diagrammatic view showing a pair of a 
hollow frame members; 

Fig. 4 is a perspective of a car body of a railway 
vehicle to which the present invention is applied; 

30 Fig, 5 is a diagrammatic cross-sectional view of a 
joining portion of another embodiment of a structur- 
al body of the present invention; 
Fig. 6 Is a longitudinal cross-sectional view showing 
a joining portion in a further embodiment of the 

35 present invention; 

Figs. 7 to 11 each show in longitudinal cross-sec- 
tional view a joining portion of respective further em- 
bodiments of structural bodies of the present inven- 
tion; 

40 Fig. 1 2 is a diagrammatic view of a joining process 
of an embodiment of the invention; 
Fig. 1 3 is a cross-sectional view after the joining of 
Fig. 12; 

Fig. 14 is a diagrammatic view of another joining 
45 process used in the present invention; 

Fig. 15 is a cross-sectional view showing after the 
joining of Fig. 14; and 

Fig. 16 Is a longitudinal cross-sectional view show- 
ing a joining portion of yet another embodiment of 
50 a structural body of the invention. 

Description of the Embodiments 

[0009] One embodiment of a structure body and its 
55 manufacture according to the present invention is 
shown in Figs. 1 to 4. Fig. 4 shows a car body 200 com- 
prised of a side structure body 201 , a roof structure body 
202, a base frame 203 providing a floor of the car body 
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200, and an end stmcture body 204 at a longitudinal end 
of the car body 200. 

[0010] Each of the side structure body 201 , the roof 

structure body 202 and the base frame 203 is made by 
joining plural extruded frame members. The longitudinal 5 
direction of the extruded frame members is in the longi- 
tudinal direction of the car body 200. Each extruded 
frame member is a hollow frame member made of an 
aluminum alloy. 

[001 1 ] Figs 1 to 3 show a joining method of hollow ex- 
truded frame members 1 0. 20 of the side structure body 

201. Other portions of the side structure and other struc- 
tural bodies are similar. 

[0012] The frame members 10, 20 are each com- 
prised of two sheet face plates 11, 12 and 21, 22 and 
ribs 13, 23 arranged in a truss shape. The two sheet 
face plates 11 . 12 (21 , 22) are substantially parallel. The 
pitch P of the truss structure of ribs 13, 23 is uniform. 
The truss structure is constituted by the ribs 13, 23 and 
a center line of the plate thickness of the face plates 11 , 
12, 21 , 22, with an apex of the triangular shape at one 
of the face plates. 

[0013] Near apexes of the truss structure at an inner 

side of the railway car, rails 19, 29 for installing fittings 
and devices such as interior mounting sheets and 
chairs, etc. are provided integrally. The rails 19, 29 are 
comprised of two L shape members. 
[001 4] End portions 1 2b. 22b of the face plates 1 2, 22 
at the outer face side of the car body project laterally 
towards the adjacent hollow frame members 20, 10. At 
abutting ends of the end portions 12b, 22b friction stir 
joining is carried out. The plate thickness of each end 
portion 12b, 22b is greater than at other portions of the 
face plates 12, 22. 

[001 5] The face plates 1 1 , 1 2 at the car inner side are 
joined through a connection member 30. At abutted por- 
tions of the connection member 30 and the face plates 
11, 21 friction stir joining is performed. The joints of the 
connection member 30 and the face plates 11, 21 are 
positioned in the vicinity apexes of the truss structure 
formed by the ribs and face plates. 
[001 6] For the joining, the hollow frame members 1 0, 
20 are mounted on a bed 240 indicated In Figs. 1 and 2 
with the face plates 12, 22 below. From above the rotary 
tool 250 is Inserted into the joining portions and friction 
stir joining is carried out. The friction stir joining Is thus 
carried out from the inner side of the car. 
[0017] The end portions 12b, 22b have raised por- 
tions 16, 26 which project towards the car inner side. At 
the end portions of the face plates 11, 21 (namely, at the 
apex of the truss stmcture at the end portion), raised 
portions 1 5 and 25 which project towards the car inner 
side (namely, outwardly of the face plates 11, 21) are 
provided. 

[001 8] The end portions of the connection member 30 
have raised portions 35, which also project to the car 
inner side. The height and width of each of the raised 
portions 15. 25, 35. 16, 26 are substantially uniform. 



[0019] The abutment faces (e.g. face 25b) of the 
raised portions 15. 25, 35, 16. 26 are perpendicular to 
the surfaces of the face plates. The end portions of the 
connection member 30 are mounted on the seats 17, 27 
at the vicinity of the apex of the truss structure, project- 
ing from the ribs 13A, 23A. By the vertical faces 15b, 
25b and the upper faces of the seats 17, 27. recesses 
or re-entrants are constituted, facing vertically and hor- 
izontally. 

[0020] The abutment faces (e.g. face 25b) are orthog- 
onal to the face plates 11, 12, 21 , 22, and extend in the 
thickness direction of the hollow-frame members 1 0 and 
20. 

[0021] The position of the face 25b is offset slightly, 
towards the other end of the hollow frame member 20 
from the normal line which passes through the apex of 
the tmss structure. If the face 25b is on the normal line 
which passes through the apex of the truss structure, 
when the width of the connection member 30 is short (it 
is within a tolerance error), the insertion position of the 
rotary tool 250 approaches to the connection member 
30 side. In this case, the width position of the two raised 
portions 1 5, 35 is detected and the axis of the rotary tool 
250 is made coincident with the centre of this width. 
[0022] The lower face of the end portions of the con- 
nection member 30 is angled slightly downwards, so 
that the joining bead may be made thick. The web 31 
(except for thickenings at the end portion) of the con- 
nection member 30 is provided on the extension line of 
the face plates 11, 21 of the hollow frame members 10. 
20. The plate thickness of the web 31 is thicker than or 
the same as the thickness of the face plates 11 and 21 . 
The connection member 30 is an extruded frame mem- 
ber of the same material as the hollow frame members 
10, 20, and has the same length. 
[0023] The distance P from the end portion of the face 
plate 11 to the end portion of the face plate 21 (the dis- 
tance between the apex of the end truss structure of the 
hollow frame member 10 and the apex of the end truss 
structure of the hollow frame member 20) is the same 
as the general pitch P of the truss structures. Generally, 
the truss structures of each hollow frame member are 
isosceles triangles. However, the end truss structures 
of the hollow frame members 10, 20 is not an isosceles 
triangle, because the endmost rib 13A, 23A is at an an- 
gle 0, to the vertical which is smaller than the angle O2 
of the normal ribs 1 3B, 238 of the truss structures. 
[0024] Thus the rib 1 3A is connected to an intermedi- 
ate point of the face plate 1 2 and the rib 23A Is connect- 
ed to an intermediate point of the face plate 22. Between 
the connection points of the ribs 13A, 23A to the face 
plates 12, 22, a space for inserting the friction stir joining 
apparatus is generated. 

[0025] Since the ribs 13A, 23A are more vertical (9 1 
is smaller than 9 2) than the ribs 13B, 23B, the plate 
thickness of the ribs 13A, 23A is more than that of the 
ribs 13B. 23B. The plate thickness of the ribs 13B, 23B 
is more than that of other ribs 1 3. The connections be- 
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tween the ribs 13A, 13B, 13 and the face plates 11, 12, 
21. 22 have rounded fillets. The thickness of the con- 
nection member 30 is determined according to the re- 
quired strength. 

[0026] The manufacture of this structural body will be 
explained. The hollow frame members 10, 20 are 
mounted on and fixed to the bed 240. The end portions 
12b. 22b are contacted or approached. The raised por- 
tions 16, 26 are temporarily joined by arc welding from 
above. This temporary welding is carried out intermit- 
tently. 

[0027] The upper face of the bed 240 on which the 
abutted face plates 12b, 22b are mounted is flat. Three 

portions which are the vicinity of the abutted portion of 
the face plates 12b and 22b, a cross-point vicinity of the 
ribs 12A and 22B. the face plates 12b and 22b, and a 
cross-point vicinity of the ribs 12B and 228 and the face 
plates 12 and 22 are mounted on the bed 240 having 
the same height. 

[0028] In this condition, the rotating rotary tool 250 of 
the friction stir joining apparatus is inserted from above 
the abutted raised portions 16, 26 and is moved along 
the joining line, to perform friction stir joining. The axis 
of the rotary tool 250 is in a vertical plane but is inclined 
reanwardly relative to the advancing direction of the ro- 
tary tool 250. The width position of the two raised por- 
tions 16, 26 is detected and the axis of the rotary tool 

250 is positioned at their centre. 

[0029] The rotary tool 250 has a large diameter por- 
tion 252 and a coaxial small diameter portion 251 pro- 
jecting from the end of the large diameter portion 252. 
During joining, the tip end of the small diameter portion 

251 of the rotary tool 250 is positioned below the level 
of the upper face of the plates 12b and 22b. The lower 
end of the large diameter portion 252 of the rotary tool 
250 is positioned between the upper faces of the raised 
portions 16, 26 and level of the upper faces of the plates 
12b, 22b. The diameter of the large diameter portion 252 
is smaller than a total width of the two raised portions 
16, 26. The small diameter portion 251 is a screw mem- 
ber. 

[0030] By this friction stir joining any clearance formed 
between the abutted faces of the portions 12b and 22b 
is buried and joined. The outer face side (the outer car 
side) of the abutted portions remains flat. At the outer 
face side, there is no recess left at the joining line. 
[0031] Next, the connection member 30 is mounted 
on the seats 17, 27 of the face plates 11, 21. The ends 
of the connection member 30 are contacted or ap- 
proached to opposed ends of the face plates 11,21. The 
adjacent pairs of raised portions 15. 35 and 25, 35 are 
fixed temporarily and at spaced points (intermittently) by 
arc welding. With the rotary tool 250 inserted into the 
abutted portions from above and moved along the join- 
ing lines, friction stir joining is carried out. The width po- 
sition of the two adjacent raised portions 1 5. 35 and 25, 
35 is detected and the axis of the rotary tool 250 is po- 
sitioned at the centre thereof. 



[0032] The axis of the rotary tool 250 is thus at the 
apex of the truss structure of the two ribs 23A, 23B or 
on the perpendicular line which passes through the vi- 
cinity of the apex. The possible amount of eccentricity 
5 corresponds to the increase of the plate thickness of the 
ribs 13A, 13B, the shape of the fillet for connecting the 
rib and the face plate, the thickness of the connection 
portion, etc. 

[0033] The tip end of the small diameter portion 251 

10 of the rotary tool 250 is inserted deeply from the upper 
face of the seat 1 7. The lower end of the large diameter 
252 of the rotary tool 250 is positioned between the top 
faces of the raised portions 15. 25, 35 and the level of 
the upper faces (at the car inner side) of the face plates 

15 11,31. The diameter of the large diameter portion 242 
of the rotary tool 250 is smaller than the total width of 
the two raised portions 15, 35 (25, 35). 
[0034] The joining of the face plates 11 and 21 with 
the two ends of the connection member 30 may be car- 

20 ried out using the rotary tool 250 which is used for the 
joining of the end portions 12b, 22b. For example, the 
joining of the face plate 11 is carried out and next the 
joining of the face plate 21 is carried out. When two ro- 
tary tools are used, the joining of both ends of the con- 

25 nection member 30 can be carried out at the same time. 
[0035] The joining at both faces of the hollow frame 
members is thus carried out from one face side. Accord- 
ingly, it Is unnecessary to reverse the structure body. As 
a result, the structure body can be manufactured with 

30 low cost and high accuracy. 

[0036] Further, the outer faces of the joining portions 
12b, 22b can be joined flush, to give a flat surface. The 
raised portions 16. 26, 15, 25, 35 are provided In the 
structure interior or at the car inner side, but they are 

35 not provided on the outer face side or the car outer side 
where a smooth face is required. Further, at the outer 
face there is raised or recessed portions generated by 
the rotary tool, requiring to be cut off. The car body can 
be manufactured with the low cost. 

40 [0037] The insertion force during the joining of the 
connection member 30 and the face plates 11 , 21 is sup- 
ported in each case by the two ribs 1 3A. 1 3B (23A. 238) 
which are an-anged directed at the axis of the rotary tool 
250. For this reason, the bending of the ribs can be re- 

^5 strained. The plate thickness of the ribs can be relatively 
thin, and a light structure can be obtained. Further, the 
bending of the face plates 11 , 21 , 31 can be restrained. 
[0038] Since the bed 240 which supports the ribs 1 3A. 
13B. 23A, 23B has a uniform height, the bending of the 

50 face plates 1 2, 22 can be prevented. 

[0039] After the friction stir joining, the whole stmcture 
body is constituted substantially as a truss structure. For 
this reason, since the joint portion of the hollow frame 
members 10, has a truss structure, the bending rigidity 

55 performance of the structure can be improved and a light 
weight structure can be obtained. 
[0040] Further, since the plate portions 12b. 22b. the 
ribs 1 3A, 23A and the connection member 30 is consti- 
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tuted substantially as a truss structure, this portion is not 
weak. However, consideration should be given to the 
ptate thickness. 

[0041] The inclination angle G 1 of the ribs 13A, 23A 
may be larger than the angle 9 2 of the ribs 13B, 23B. 
So that the width of the connection member 30 is large. 
This makes it necessary to make the plate thickness 
large and then the weight becomes large. This can be 
done in a case where a large opening is necessary for 
insertion of the friction stir joining apparatus. 
[0042] When the inclination angles 9 1 and 9 2 are the 
same, an Isosceles triangle can be formed. Accordingly, 
the plate thickness of the ribs 13A, 13B (23A, 238) can 
be the same. Further, the plate thickness of the ribs 23A, 
238 can be made thinner than that of shown in Fig. 1. 
However, the size of the truss structure of this isosceles 
triangle is formed the same of the truss structure of the 
other portions, the width of the connection member 30 
can be large. 

[0043] When the Inclination angles 9 1 and 9 2 of the 
ribs 1 3A, 1 38 (23A, 23B) are the same as the inclination 
angle 9 1 , the truss structure of the end portion can be 
a small isosceles triangle. The size of the bottom side 
of the truss structure of this end portion is smaller than 
the size of the bottom side of the other portions. 
[0044] Accordingly, a distance from the intersection 
point of the rib 138 (238) and the face ptate 12 (22) to 
the end portion of the hollow frame member 10 (20) can 
be formed small. As a result, the width of the connection 
member 30 can be the same as the width of the connec- 
tion member 30 shown in Fig. 1. 
[0045] The pitches of alt truss structures including the 
portion with the connection member 30 are the same. 
The size of the truss structures, except for the truss 
structure of the end portion, are the same. Accordingly, 
the design of the hollow frame member can be stand- 
ardized. 

[0046] The apex formed by the two ribs 13A, 138 
(23A, 238) may positioned outwardly from the face 
plates 11, 21. 

[0047] The abutment faces 15b, 25b can be located 
towards the connection member 30 from the apex of the 
two ribs 13A, 138 (23A, 238). However, consideration 
must be made about the angle 9, the plate thickness, 
the load etc. of the rib 13A (23A). 
[0048] Further, the rotary tool 250 can be inserted in 
a direction at the middle of the angle formed by the two 
ribs 1 3A, 1 38 (23A, 238). The axis of this tool is directed 
at the apex of the truss structure in this case. 
[0049] The joining of the connection member 30 in the 
above embodiment is by friction stir joining, but may be 
carried out by other welding, such as arc welding. In the 
case of arc welding, since there is no load during the 
joining, the ribs 13A, 138 (23A, 238) can be made thin. 
The joining of the connection member 30 can be carried 
out intermittently. 

[0050] The joining of the face plate portions 1 2b, 22b 
may be carried out using other welding such as arc weld- 



ing. If this welding forms welding beads at a rear face, 
e.g. outside faces, it is necessary to cut off the beads 
after welding. 

[0051] In the above embodiment, the face plates 11, 
5 1 2 and the face plates 21,22 are parallel, but one of the 
face plates may be inclined to the other. 
[0052] In the ptate thickness of the ribs 1 3A and 1 38 
(23A and 238), the plate thickness of the face plates 11 
and 12 side is formed thick than the plate thickness of 
the face plates 12 and 22 side. 8y forming the face 
plates 1 1 and 2 1 side, during the joining it becomes eas- 
ily the high temperature. 

[0053] Fig. 5 shows a further embodiment in which the 
normal line to the face plates at the joining portion is 
inclined. One end of the hollow frame member 20 is hor- 
izontal. The hollow frame members 10. 20 are mounted 
on the bed 240. This permits easy joining at the end por- 
tion of the side structure body 201 . The axis of the rotary 
tool is along a normal line of the face plate. This normal 
line passes through the vicinity of the apex of the truss. 
An arrow mark shows the position and the direction of 
the rotary toot 250. 

[0054] Fig. 6 shows a further embodiment where the 
face 27b of the seat 27 for mounting the connection 
member 30 is inclined downwardly. The end portion of 
the connection member 30 is correspondingly inclined. 
When the face plate portions 12b, 22b are joined, the 
spacing of the raised portions 15, 25 is made small. 8y 
the provision of the inclined face 27b, the connection 
member 30 can be arranged easily. 
[0055] In the embodiments shown in Figs. 7 and 8, 
the lengths of the face plate end portions 12b, 22b are 
short, and these portions are thick. After the joining of 
the portions 12b, 22b by friction stir joining from above 
these portions 1 2b, 22b may be cut off into the arc shape 
from above. This arc conforms to the ribs 1 3A, 23A. Ac- 
cordingly, the strength lowering due to stress concen- 
tration can be prevented. 

[0056] In the embodiment shown in Fig. 9 a cross-rib 
13C at the end portion of the hollow frame member 10c 
is orthogonal to the face plates Hcand 12c. At the con- 
nection portion of the face plate 11c and the rib 1 3C the 
recess and the seat 17c are provided similariy as de- 
scribed above. A projecting flange provides the seat 
17c, on which the end of the connection member 30 is 
mounted. The abutting faces at this joining portion are 
within the range (extension) of the plate thickness of the 
rib 13C. The face 16c is normal to the face plate. The 
raised portion 15c is provided at the end portion of the 
face plate tic. With this structure, the insertion force dur- 
ing the friction stir joining is supported by the rib 13C. In 
this case at the end portion of the hollow frame member 
it is not possible to provide the triangular truss structure. 
[0057] In the embodiment of Fig. 10, the width of 
raised portion 35 is larger than the diameter of a large 
diameter portion 252 of tool 250. The tool 250 pene- 
trates through the portion 35 to effect the join. At a centre 
of the width of the raised portion 35 a groove 36 is pro- 
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vided. A rotation axis of the too) 250 coincides with the 
groove 36. A sensor of the friction stir joining apparatus 
detects the groove 35 and the tool 250 is moved along 
the groove 36. When joining face plate portions 12b, 
22b, the position relationship between the tool 250 can 
be achieved by the sensor in the same way. 
[0058] In the embodiment of Fig. 11, the rib 13C at the 
end portion of the hollow frame member 1 0c is orthog- 
onal to the face plates lie and 12c. At the connection of 
the face plate lie and the rib 1 3C the recess and the seat 
17c are provided similarly as above. A thickening or 
flange 17d provides the seat 17c on which the end of 
the connection member 1 30 is mounted. The axis of the 
tool 250 and the groove 36 are positioned within the 
range (extension) of the plate thickness of the rib 13C. 
With this structure, the insertion force during the friction 
stir joining is supported by the rib 13C. 
[0059] In the embodiment of Figs. 12 and 13, the 
structural body is one in which a tensile load acts on the 
joining portion. Two members 310 and 320 are over- 
lapped at their ends, in the lateral direction. The over- 
lapped faces 310b and 320b are inclined, at an inclina- 
tion angle, for example of 4° to 10°. The other upper and 
lower faces 310c, 320d (320c, 320d) are parallel and 
horizontal. The lower face 320d of the member 320 is 
mounted on a bed. The members 310, 320 may be ex- 
truded frame members. 

[0060] The joining line is perpendicular to the paper 

plane of Fig. 12. The overlapped faces 310b, 320b are 
at right angles to the joining line (a joining direction). The 
overlapped faces 310b, 320b are positioned between 
the end portions of the two members 310 and 320. The 
rotary tool 250 Is moved relatively to the members 310 
and 320. The small diameter portion 251 of the rotary 

250 is inserted deeply through the overlapped faces 
310b, 320b. The tip end of the small diameter portion 

251 is inserted to near of the lower face 320d. The lower 
end of the large diameter portion 252 is inserted a littie 
way from the upper face 310c of the member 310. 
[0061] Fig. 13 shows the condition of after the joining. 
The hatching shows the joining bead (a heat affected 
portion). A size of the joining bead is a little larger than 
an outer shape of the rotary tool 250. 

[0062] In this structure, the rotational axis of the tool 
250 is vertical, but the overlapped faces 310b, 320b are 
inclined to the axis of the tool 250. The members 310, 
320 are stirred and mixed according to the inclination 
angle of the overlapped faces 310b, 320b. At the axial 
direction of the rotary tool 250 the members 310, 320 
are mixed. Accordingly, even if before the joining there 
is a covering oxide film, good mixing is carried out. Even 
when the members 310, 320 are pulled in right and left 
direction, a high strength can be obtained. The mem- 
bers 310, 320 can have tensile strength in the right- left 
direction. 

[0063] In a further embodiment shown in Figs. 14 and 
15 tile end portions of the members 330, 340 are over- 
lapped. The members 330, 340 are flat plates, except 



for a raised portion 330e on member 330. The over- 
lapped faces are horizontal. The rotary tool 250 is in- 
clined, e.g. at 4° to 10° to the vertical. The inclination 
direction towards the ends of the members 330, 340. 
5 The raised portion 330e projects towards the entry side 
of the rotary tool 250. 

[0064] The height of the raised portion 330e varies 
from ti to t2 from the extension line of the general upper 
face of the plate 330. The end face of the plate and the 
end face of the raised portion 330e are orthogonal (ver- 
tical) to the plate, and substantially co-planar. The upper 
face of the raised portion 330e is inclined, and orthogo- 
nal to the axis of the rotary tool 250. Accordingly, in the 
member 330 the amount of unnecessary material can 
be lessened. In Fig. 15, the joining bead shown by the 
hatching is inclined. 

[0065] In the embodiment of Fig. 16, the rib 13C at the 
end portion of the hollow frame member 10c is orthog- 
onal to the face plates lie and 12c. Overlapping contact- 
ing surfaces of the hollow frame member 1 0c and a con- 
nection member 130 are not horizontal but inclined, be- 
ing also inclined to the axis of the rotary tool 250. The 
thickening 1 7d provides the seat 1 7c. The rotational axis 
of the rotary tool 250 and the groove 36 are positioned 
within the range (extension) of the plate thickness of the 
rib 13C. With this structure, the insertion force during 
the friction stir joining is supported by the rib 13C. 



1. A method of manufacturing a structural body, com- 
prising the steps of: 

35 (i) providing two hollow frame members in 

which two sheet face plates are connected as 
a truss structure by plural ribs, an end portion 
of a first one of said face plates is positioned at 
the vicinity of an apex of said truss structure, 
40 and an end portion of the second of said face 

plates projects laterally further than said end 
portion of said first face plate; 

(ii) joining said projecting end portions of said 
second face plates to each other from a side 

45 thereof which is closer to said first face plates; 

(iii) arranging a connection member between 
said end portions of said first face plates of said 
two hollow frame members; and 

(iv) joining respective end portions of said con- 
50 nection member to the respective first face 

plates. 

2. A method according to claim 1 , wherein in step (ii) 
said projecting end portions are joined by friction stir 

55 joining. 

3. A method according to claim 2, wherein in step (iv) 
the joining is carried out by friction stir joining. 
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4. A method according to any one of claims 1 to 3, 
wherein in step (ii) said connection member Is over- 
lapped in the vicinity of said apex, with each of the 
respective hollow frame members. 

5. A method of manufacturing a structural body com- 
prising the steps of: 

(i) providing a first hollow frame member in 
which two sheet face plates are connected as 
a truss structure by plural ribs, an end portion 
of a first one of said face plates is positioned at 
the vicinity of an apex of said truss structure, 
and an end portion of the second of said face 
plates projects laterally further than said end 
portion of said first face plate; 

(ii) providing a second hollow frame member in 
which two face plates are joined by a first rib 
substantially perpendicular to said face plates 
and by a second rib connected to an end portion 
of said first face plate and an intermediate por- 
tion of said second face plate, wherein an end 
portion of the second of said face plates 
projects laterally further than said end portion 
of said first face plate; 

(iii) joining said projecting end portions of said 
second face plates to each other from a side 
thereof which is closer to said first face plates; 

(iv) arranging a connection member between 
said end portions of said first face plates of said 
two hollow frame members; 

(v) joining respective end portions of said con- 
nection member to the respective first face 
plates. 

6. A method according to claim 5, wherein in step (iii) 
said projecting end portions are joined by friction stir 
joining. 

7. A method according to claim 6, wherein in step (v) 
the joining is by friction stir joining. 

8. A method according to claim 5, 6 or 7, wherein in 
step (iv) 

one end portion of said connection member is 
overlapped at the said vicinity of said apex, with 
said first hollow frame member; and 
another end portion of said connection member 
is overlapped with a seat provided on said first 
rib of said second hollow firame member. 

9. A structural body wherein 

two hollow frame members are joined; 
in each said hollow frame members, two sheet 
face places are connected as a truss structure 
by plural ribs, an end portion of a first one of 



said face plates is provided at a vicinity of an 
apex of said truss structure, and an end portion 
of the second of said face plates projects later- 
ally further than said end portion of said first 
5 face plate; 

said projecting end portions are joined to each 
other; and 

said end portions of said first face plates of the 
two hollow frame members are joined by a con- 
10 nection member. 

10. A body according to claim 9, wherein said connec- 
tion member is provided on an extension line of said 
first face plates. 

15 

11. A body according to claim 9 or 10, wherein 

the joining of said projecting end portions is 
by a friction stir joint. 

20 12. A body according to claim 9, 10 or 11, wherein 

the joint between both ends of said connec- 
tion member and said first face plates is friction stir 
joints. 

25 13. A body according to claim 12, wherein 

the respective end portions of said connection 
member are overlapped with seats which is provid- 
ed at said end portion of said first face plates. 

30 14. A body according to any one of claims 9 to 13, 
wherein 

the inclination angle of said rib at said end por- 
tion of each hollow frame member is smaller than 
that of the next adjacent rib in the respective hollow 
35 frame member. 

15. A body according to any one of claims 9 to 14, 
wherein 

the distance between the joints at the ends of 
40 said connection member is the same as the regular 
pitch of the truss structure of the hollow frame mem- 
bers. 

16. A structural body comprising, 

45 

a first hollow frame member having two sheet 
face plates connected in a truss structure by 
plural ribs, an end portion of a first one of said 
face plates being in the vicinity of an apex of 
50 said truss structure, and an end portion of the 

second of said face plates projecting laterally 
further from said end portion of said first face 
plate; and 

a second hollow frame member having two 
55 sheet face plates joined by a first rib which is 

substantially orthogonal to said face plates 
which connects an end portion of a first one of 
said face plates and an intermediate point of 
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the second face plate; 

wherein said end portions of said second face 
plates are joined to each other from the side 
thereof facing said first face plates; and 
said end portions of said first face plates are 
joined by a connection member. 

17. A structural body according to claim 16 wherein 

said connection member lies on an extension 
line of said first face plate. 

18. A hollow frame member comprising two sheet face 
plates connected as a truss structure by plural ribs, 
wherein at an edge of said member an end portion 
of a first one of said face plates is positioned at a 
vicinity of an apex of said truss structure and an end 
portion of the second of said face plates projects 
laterally further than said end portion of said first 
face ptate. 

19. A hollow frame member according to claim 18, 
wherein 

the distance from said apex of said truss 
structure to the end of said end portion of the sec- 
ond face plate is substantially half the regular pitch 
of the truss structure. 

20. A hollow frame member according to claim 18, 
wherein 

the inclination angle of the first rib closest to 
said edge Is smaller than the inclination angle of the 
next adjacent second rib. 

21. A hollow frame member according to claim 18, 
wherein 

in said truss structure a first said rib closest to 
said edge of said hollow frame member and the next 
adjacent rib form substantially to an isosceles trian- 
gle. 

22. A hollow frame member according to claim 18 hav- 
ing a re-entrant portion at the vicinity of said apex 
of said truss structure defined by a first surface 
which faces laterally outwardly of said hollow frame 
member and a second surface which faces out- 
wardly in the direction away from said first face 
plate. 

23. A hollow frame member according to claim 22, 
wherein said first surface is spaced from aid apex 
towards the opposite edge of the hollow frame 
member. 

24. A hollow frame member according to claim 22 
wherein said first surface is spaced from said apex 
towards the extremity of said end portion of said 
second face plate. 



25. A hollow frame member according to claim 22 
wherein a centre of the width of second surface is 
positioned at the vicinity of said apex of said truss 
structure. 

5 

26. A hollow frame member according to claim 25, 
wherein the enter of the width of said second sur- 
face is positioned at the vicinity of the extension of 
the plate thickness of one said rib of said hollow 

10 frame member. 

27. Use in friction stir joining of a frame member having 
a face plate and. adjacent an edge of said face 
plate, a groove which extends along said edge. 

15 

28. Use of a frame member according to claim 27 
wherein at said edge of the face plate a raised rib 
which projects above the surface of said plate is 
provided, and said groove is at a centre portion in 

20 the width direction of said raised portion. 

29. Use according to claim 28. wherein said member 
has a second face plate having a second raised por- 
tion at an edge thereof and, a centre portion in the 

25 width direction of said second raised portion, a 
groove extending along the edge. 

30. A method of friction stir joining including the steps 
of: 

30 overiapping one end portion of a first member 

and another end portion of a second member and 
carrying out friction stir welding along a joining line 
at the overiap portion with a rotary tool which is in- 
clined relative to the width direction of the contact- 

35 ing surfaces at the overiap portion. 

31. A structural body wherein one end portion of a first 
member and another end portion of a second mem- 
ber are joined at overiapping faces by friction stir 

40 joining, and the overiapping contacting faces are in- 
clined to the general lateral direction of at least one 
of said members. 

32. A structural body wherein 

45 one end portion of a first member and another 

end portion of a second member are joined at over- 
lapping faces by friction stir joining and the centre 
line of the joining bead is inclined to the thickness 
direction of the members at the overiap. 

50 

33. Use in friction stir joining of an extruded frame mem- 
ber comprising at at least one end of a plate having 
substantially parallel faces a surface inclined to said 
parallel faces. 

55 

34. Use according to claim 33 wherein said inclined sur- 
face is a surface of a raised portion, said raised por- 
tion and an end portion of said plate providing a 
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common end surface orthogonal to said parallel fac- 
es. 

35. An extruded frame member wherein 

two sheet face plates are connected by plural 
ribs; 

an end portion of a first one of said two face 
plates is positioned at a vicinity of at least one 
said rib at an edge of a hollow frame member; 
an end portion of the other of said two face 
plates projects further; and 
a side of said first face plate of a connection 
portion of said end portion of said first face plate 
and said rib at said edge of said hollow frame 
member is inclined downwardly towards said 
edge. 
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